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?????? (??  1014 cm 3)??????? ( 1 s)?????????????????
?????????? (??  1026 cm 3)??????? (  10 12 s)??????????
?????????????????? \??"??????????????????????
? (D: Deutrium)????? (T: Tritium)????????????????????????
??? n???????  ???? n  = 1014 s=cm3(????: ? 4 keV)?????? [6]?
????????????????????????????????????????? \?




































































??????? [15, 16, 17]?e?????????0 ????????m0 ??????????
????????????????????????????????????????????

















!2 = !2p + c
2k2 (1.4)
???????????!?????????????c????k???????????! > !p
?? k ???????? (1.4)??????????????????????????????
! < !p ???? k ???????????????????????????????????

















































?????????? I18 ? I ? 1018 W/cm2 ??????????????????????
??? E0??? B0 ????????? I ??????????????????
E0 = 2:74 1012
p
I18 [V=m] (1.11)












v2L(x) (1  cos 2!0t) x^ (1.13)
??? [18]?????vL = eEL=me!0 ??????????????????????????
????????????????????????????????????????????
















??????????????????????? vosc = eE=me! ?????????????








??????? [20]?????vL = eEL=m!?EL ????????c ????vosc ?????
?? EL ????????????? E0 ???????????????????? ????




??????????????????????? 106 ???????????1018W=cm2 ??
??????????????????????????? [21]???????????????
???????????????????????1015  1016 W=cm2 ???????????
???????????????????????????????????????????
?????? 10?? X???????????????????? [22, 23, 24]???????
?????????????????????????????????? Optical Parametric
CPA (OPCPA) ??????????? 1011 ??????? [25]?????????????
???????????? 1012 ??????????????? [26, 27]??????????
???????????????????????????????????1018 W=cm2 ??
??????????????????????????? [28]??????????????
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?????????????????????????????? [2, 3]??? 1(z  0)???
2(z  0)? z = 0???????????????????????????????? 1?2
??????? 1?2 ?????????? x??????????????????????
?????????? y ???????? 1?2????
S1 = S0 exp[i(kxx  !t)] exp( 1z) (z  0) (2.1)
S2 = S0 exp[i(kxx  !t)] exp(2z) (z  0) (2.2)
?????????? S ? TM? (P??)????????TE? (S??)?????????









































???????????????????? ??????? 0 ???????TE?????
?????????????
???????????????????????????????????????????
???????????????????????????? ! ??? k ???????????
????????????????????????????????????????????








?? d = 1???????????? m ??????????? (2.9)????????? 1?
?????????? kSP > k0 ?????????????????????????????
????????????????????????????????????????
???????????????????????????????????????????
????? 1(a)????????????????k ????! ??????c????????
??????????????? k = !=c????????????????????????
??????? n??????????? c=n?????? k = n!=c???????????
??????????????? 1(b)??????????????????????????
?????? ?????????????????????????????????????















n sin  (2.10)
????????????????????????????????????????????





kx = k0 sin  +mK (2.11)
????????m ??????k0 = !=c ????????K = 2= ???????? ?
?????????????kx > k ???????????????????????????
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2.1 ???????














????????? Continuous Wave (CW) ??????????????????????
???????????????????????????????????????????
?????????????? 3(a)???????????????????????????
??????????????????????????????? (Spectrogon ??: G1350
156010 NIR)? P??????????????????????????????????
????? 3(a)???????????? Atomic Force Microscope(AFM)?????????
??????????mm???????????? 1350 lines/mm??? 40 nm??????
??????? Au???????????????????? P?S????????????












????????????? Finite dierence time domain(FDTD)???????????
???????? [2]????????? 4??? Yee???????????????????
??????? ???????????????????????????????????z
















































































































????????????????? [5]????? 800 nm????????????????
500 lines/mm??? 100 nm????????? Au?????????????? 40 ? P?
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2.1 ???????
? 5 ???? 500 lines/mm??? 100 nm??????????????????????





??????? (2.12)??????? 500 lines/mm?????? 40 ???????????
???????????????? 5(a)?????????? = 800 nm?????????
?????????????????????????????? 5(b)???????????




????? Al?????? 2 m?????????????????? Ag????????













?????????????????????????????????? 2 = jEmax=E0j2 ?
2 =
 311 + 22
2 (2.17)
????????????????????????? 1?2 ?????? 20 nm??????
???????? (2.17)????? 2 ???????? 6(a)?(b)???????? ????
?????? (2.17)??? (1 + 22)? 0?????????? 1 ?????????????











+m!20r =  eE0 exp( i!t) (2.18)
???????????????r ??????????????m???????e?????





!2   !(! + i )E0 (2.19)




? 6 ?? 20 nm??????????? (a)Ag???????????? (b)Au????
???????
L(!) = 1 +
!2p
!20   !2   i !
(2.20)
????????N ?????????????????!2p = Nq2=m0 ??????????








???  ???????????  bulk???????? vF????? r ???





???????????????????? bulk ?????????????????? ! ?























???????????? 200 nm??? 20 nm??? Au?????????????????
???? 716 nm??????????????????????????? jE=E0j2 ????













? 8 ?? 200 nm??? 20 nm? Au??????????????????????? (a)









































































? 10 (a)FF=0.25?(b)FF=0.75 ??????????????????????????
???????????????????????????????????????????
2K ????? FF=0.25 ? FF=0.75 ???????????????FF=0.25 ?????
??????????????? !+ ????FF=0.75?? !  ??????????????
2.3.2 ????????????????????????
????????????????????????? Fill Factor(FF) ?????????
??????????????? FF ???????? [11]????????????????
????????????????????????????? (K ??)????? 2????
? (2K ??)????????????FF = 0.25? 0.75?? 2K ???????????FF =
0.5?? 2K ???????? [2, 7]???????????????????????????
???????????FF = 0.25?0.75??????????????????? 10(a)? (b)
25
2.3 ?????????????
? 11 (a)???? 1400 lines/mm??? 50 nm?FF=0.25?0.5?0.75??????????
???????(b)?? 720 nm?FF=0.25????????? y ???????(c)?? 800
nm?FF=0.75????????? y ??????
??????????????????? 2???????????????????? !+ ??
??????? ! ???????? 10(a)??? FF = 0.25????!+ ??????????
???????????????????? (?) ????????!  ????????? (?)
????????????????????????????!+ ??????????????
???????? 10(b)??? FF = 0.75????!  ???????????????????
???!+ ?????????????
????FDTD???????????????????????????????????
?? 1400 lines/mm??? 50 nm????? FF = 0.25?0.5?0.75?????????????
?????P??????????? 11(a)?????????????????????? 10
???????????????????? FF = 0.5?????FF = 0.25????????FF
= 0.75?????????????????????????? 720 nm???? FF = 0.25??
















??????????????????? 10 J????? 0.6 ps??????? 108 ??????
????????????????????????????????????????????















? 13 ???? [14]?? 5?????? 2DPIC????????????? 0.8 m???





1 ??????? [14]?????T. Ceccotti ????????????????????1 ??
















???????? 13 ? T. Ceccoti ???? [14] ?? 5 ??????? 2DPIC ???????
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2.5 ???
????????? 0.8 m???????? (PT)????????????? (GT)????






? [16]? [17]????? PIC??????????????????????????????
???????????????????????????????????????? [16] ?
??????? 1015 ?? 1020 ??????????????????????????????
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???????????????? ( 106) ??????????????????? 1019
W=cm2 ??????????? 1013 W=cm2 ??????????????????????
????????????????????????????????????????????
?????????????????????????? [1]????????????????





????????? l ? l  c=! ????????????????????????????
?????????????????????????????????????







































???????me ?????? ?????????nc ??????ne ??????????
(3.1) ???Chrisman ?????????????????????????? 0.5 ?????
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? ? ? ? ? [=cm3] 6:02 1022(= 34:5nc) 8:45 1022(= 48:8nc) 5:90 1022(= 34:1nc)


























? 2 ???????? Al ? Au??????? 800 nm ????? (3.1) ? Chrisman ?
??????????????????????????????? Ponderomotive????
???????????? 1019 W=cm2 ???Ponderomotive??????? 1 MeV???
??????Al?? 70 keV?Au?? 20 keV????????????????
3.2.2 ???????????????????????
???????????Al?Cu?Au ?????????????????? 1 ??????
????????????????????????????????????????????
?????????????????????? 800 nm????????? (nc = 1:73  1021
/cm3)??????????????????????? 800 nm??????? (3.1)????
???????????????????? 2?????????? 1019 W=cm2 ??????
??????Ponderomotive???????? 1 MeV?????????Chrisman?????
???????? Al? Au?????????? 70 keV?20 keV??????????????


















???????????????? 1 ?? PIC ?????? [9, 10]?????????????
?????? 1019 W=cm2????? 80 fs??? L = 800 nm?Al?Cu?Au????????
????? 2?10?2.5 m?????? 2?????? 100 cell/L????? 200?/cell????
??????????????????????????????????? 0.3 m?????
????? (x = 22m)?????? 5nc ????????????????? tL = 2.73 s??
???? t = 65tL ???????????????????????????????????
? 3??????????????????????????????????????????
????????????? 2 m ? Al ?????????????????????????
? 3??????????????????????????????????????????
?? 0.45 MeV?????????????????? 1019 W=cm2 ???? Ponderomotive?
??????? 0.7 MeV ????????????????????????? 5nc ????
Chrisman???????? 0.48 MeV????????????????????? 0.45 MeV
?????????????? 4(a)????????? 4(b)????????????????
????????????????????????????????????????????
???????? (x  22 m) ????????? Al?Cu?Au ?????????????
12?14?27????????????????? (x  22 m)???????????????
????????????????????????????? 1019 W=cm2 ?????????
????????????????????????????????????????????
????????????? 5nc ????? Chrisman???????????????????
????????????????????????????????????????????
????????????????????????????????????????????




?????????????????????????????????????? x = 5 m?
???? 5??? t = 50tL ???????????????????????????????
????????????????????????????? 0.25 MeV??????????
1020 W=cm2 ???? Ponderomotve???? 3.0 MeV??????????????????
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3.2 ???????????????????????????
? 3 ?????? 1019 W=cm2????? 80 fs??? 800 nm ????Al?Cu?Au ??
??????????????? PIC?????????????????????????
???????????? Te=0.45 MeV???????
? 4 ?????? 1019 W=cm2????? 80 fs??? 800 nm ????Al?Cu?Au ??





? 5 ?????? 1020 W=cm2????? 80 fs??? 800 nm ????Al?Cu?Au ??
??????????????? PIC ????????????????????????
0.25 MeV ????Al?Cu?Au ????????? Chrisman ????????????
0.28 MeV?0.22 MeV?0.19 MeV???????????????????Ponderomotive
???????? 3.0 MeV????






?????Chrisman ?????????Al?Cu?Au ????????????? 0.28 MeV?
0.22 MeV?0.19 MeV?????????????????????????? 0.25 MeV??
???????? 6(a)????????? 6(b)??????????????????????
6(a)??????????????????????????????????????????
??????????????????? 6(b)???Cu?Au?????????? (x = 5 m)






KAREN:JAEA-Kansai Advanced Relativistic ENgineering)???????????? [11, 12]?
????????????????????? 20 J??? 800 nm????? 80 fs??????
????? 5  1019 W=cm2 ????J-KAREN?????????????????????
OPCPA???????,??????? 400 ps???????? 1010 ??????? [11, 12]?
? 7 ???????????????????????? 45 ??????? P ???????











??????????????????????????????? Al(=2 mt)?Cu(=10 mt)




???? TAl;exp?TCu;exp?TAu;exp ?????TAl;exp = 2:02 MeV(0:02 MeV)?TCu;exp = 1:71
MeV( 0:04 MeV)?TAu;exp = 1:47 MeV( 0:04 MeV)??????????????????
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3.3 ?????????????????????????????
? 7 Chrisman ?????????????? J-KAREN ??????????????
????????????????????????????? 20 J??? 800 nm????
? 80 fs ??????????? 5  1019 W=cm2 ?????????????? Electron
spectrometer(ESM)?????????????????????????????????
?? Online Time of Flight ?????????????????????????????
?????????
???????????????? Al?Au?????????TAl;exp=TAu;exp = 1:4?????
???????????Au??????????????????Al?Cu??????????
??? 20???????????Au???????????????????????????
??????????Chrisman???????????? ne = 1000 nc ??????????
Te = 34 keV???????????? 1?????????????????????????
?? 5 1019 W=cm2 ? Ponderomotive????????????????? Tpon ??Al?Cu
?????????????????????? Tpon = 2:02 MeV?Au???????????




????????????????? (?????? 5 1019 W=cm2????? 80 fs??? 800
nm)?????????? (Al?Cu?Au)?????? 2 m???????????????
?????????????????? 0.3 m???????? (x = 22 m)????? nc ?
????????????????? 2??????? 100 cell/?1 ??? 200 ??????




? 8 ???????????????????? (a)?????(b)PIC?????????




? 9 (a) ??????????????????????(b) ?????????????
???????????????? (x  22 m)????????????????????
??Al?Cu?Au?????????? 11?15?35?????
???? TAl;sim?TCu;sim?TAu;sim ?????TAl;sim = 1:8 MeV( 0.1 MeV)?TCu;sim = 1:54
MeV( 0:03 MeV)?TAu;sim = 1:46 MeV( 0:03 MeV)??????????Al? Au????
??? Ponderomotive????????????????????????TAl;exp=Tpon = 1:0?
TAu;exp=Tpon = 0:8??????????????TAl;sim=Tpon = 0:9?TAu;sim=Tpon = 0:8??
???????????????
???? 9(a)?????????????????????????????? (x  22 m)








??????????? (x  22 m)?????????????????????Al?Cu?Au
?????????? 11?15?35????????? 9(b)???????? (x  22 m)??






????? (TAl > TCu > TAu)?????????????
3.3.3 ??????????????
? 10(a)???????????????????????????????????????












????PIC??????????????????? x = 24  44 m??????????
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3.4 ???











2. ??????? (1010) ????????????????????????????
????? (Al?Cu?Au) ???????????????????????????
?????? Al ? Au ???????? Ponderomotive ?????????????
TAl;exp=Tpon = 1:0?TAu;exp=Tpon = 0:8 ?????????????????????
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??????????? X???????????????????P. P. Rajeeve?? Cu??
????????????? 13 ???? [1]?H. Masuda ?? Al ?????????????
???? 30 ???? [2]?S. Mondal ?? Cu ????????? 43 ???? [3]?G. Kulcsar
















?????????????  ?????????????? k0 + 2=d ??????????
??k0 ????????2=d??????????????????d???????????
????????????????????????????????????????




































?????????? 800 nm ???? Au ????  =  22:1 + 1:78i ??????????













???????? (4.4)?????????????? (1.1)????  = <[n+ i]2 ??????






























????ae ???????I18 ? 1018 W=cm2 ?????????????m ? m ???
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4.3 ??????????????????
???????2 ??????????????????????? ???? n = nc ???























????????????????????????? I18 = 10???????  = 800 nm??
???????? d = 2 m????? =20?43?50?100????????? 2 ?????
???????????? 1????? (4.8)?????????? (4.8)?? ??????
?????????2 ???? rel ??????????
???2 = 1?2?3?4?5?6?7?8???????????????? n = nc ??????
?????? rel ????? 2????????????????? 2 ???????????
?????????????? rel ??????????????????????? 1?2??
??????????? ?????????? 2 ??????????? rel ????????
?????????????  1000nc ??????????????PIC??????????
???????????????? 10  100 nc ??????????????????????
rel ???????????????????
4.3 ??????????????????
???????????? 500 lines/mm(Gr500)?1000 lines/mm(Gr1000)??? 76 mt
??????????????????????? (?????????????????









??????????????? 4(a)??????????????? 500 lines/mm????


























? 1 ?????? I18 = 10???????  = 800 nm?????????? d = 2 m?
??? =20?43?50?100?????????? 2 ???????????? rel ????





























? 2 ?????? I18 = 10???????  = 800 nm?????????? d = 2 m?
???????? 2 = 1  8????????? n = nc ???????????? rel ?
????????? rel ????????? 2 ???????? rel ?????????
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4.3 ??????????????????
? 3 ???? 500 lines/mm ???????????????? AFM ?????????
? 100 nm????????????
? 4 ???? 800 nm ??????????????????????????????



















? 6 (a) ??????????????????????????????????? Mo









??????????????????? 7:5 10 5Pa????????? 1000C?????
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4.4 ????????????????????????
? 7 ?????????????????? SEM???????? Au???? 1 m?????
?????? 5??????????????????????? 6(b)???????????
??????? 6(b)??????????????????????????????????




TIFR(Tata Institute of Fundamental Research)? G. R. Kumar?????????????
????????????????????????????????????????????
?????????????????????????????????? 200 mJ????? 30
fs??? 800 nm?P????f=3????????????? 5 m8 m?????????
????? 1019 W=cm2 ????????????????????????????????
????????????????????????????????????????????
???? 8(a)?????????????????????????????????? 10 8?
10 ps?? 4 10 8 ????????????????????????? (10 6)??????
???????????????? [8]?????????????? Gr500? Gr1000????





? 8 (a)TIFR ???????????????????????????????????
(b) ?????????????????????????????????????? (?
? (1))??????????????????????????????? 10 8?10 ps??
4 10 8 ?????????????????????????????? IP??????









?? (1)????????? 8(b)????IP?????????? 6 cm??????????
?? 180 ???????????????????????????????????????
????? 8(b) ??????IP ???? 0???? 180 ????????????????
??X?????????????????IP??? Al?????????????????Al
??????????Gr500?Gr1000??????? 165 m????????????? 11m
??????????????????????????????? 175 keV?10 keV ????
????P?????? 40 ??????????Gr500??????????????????
??????
?? (2)????????? 9???????????? 40?90?150 ???? ESM??
? 3????????????????????????????????? ESM??????
???? 13.0 cm(40 ??)?22.0 cm(90 ??)?21.5 cm(150 ??)????????????
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4.4 ????????????????????????
? 9 ESM ?????? (?? (2))????????? 40?90?150 ???? ESM ??
? 3????????????????????????????ESM??????????
? 0.1 T???????????????? 0:1  7:0 MeV????????????




? 10(a)?(b)?(c)? P????????? Gr500?Gr1000?????????????? 10(d)
? Gr500???? S?????????????????????? 10(c)?????????
4???????? 10(d)? Gr500(S??)???? 5???????????????????
????? (a)Gr500 ???????????????? (b)Gr1000 ????????????
??????????????Gr500? Gr1000?? 2???????????????????











? 10??????????? IP???????????????????? 11??????
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4.4 ????????????????????????
? 10 ????????????????????????? (a)Gr500, (b)Gr1000, (c) ?
??????, (d)Gr500(S ??) ???? IP ?????Al ??????????(a)?(b)?
(d)?? 165 m?(c)????? 11 m????????????????????????




























? 11 ? 10?????????????? IP?????????????150 ???Gr500








? 12(a) ? Gr500 ???????????? 90 ??????????????????90
?? Gr500??????????????????????????????????? 16??
???????Gr500?????? 75 keV???????????????? 13 keV????
5.8??????????? 12(b)? 150?40 ?????? Gr500????????????
????????Gr500?????????????? 20?????????????????
IP ?????????????????????????????????Gr500 ? 150 ??
? 40  ?????????????????????????????????????? 93
keV?133 keV????90 ?????? Gr500??????? (= 75 keV)?????????
????
4.5 ???????????????????
??????CW ????????????? MEEP ????????????????
????? 20 m  30 m??????? 20 nm ????Au ??????????? 2
m(=Gr500)?1 m(=Gr1000)???????? 100 nm???????????? 800 nm?
??????????????? 40 ??????Gr500?????CW?????10 Hz??
?????????????????MEEP???????????????????????




??????? 40 ???? Gr500? Gr1000???????????????????? 14?
??????????????????????????????????????? Gr500?
??????????????????????????????????




??????????????????????? 333 lines/mm(Gr333)?Gr500?Gr1000 ?
??????????????????????????????????????????
???????????????????????????? 15(a) ?????????(b) ?
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4.5 ???????????????????
? 12 ???????????????????????????? (a)90 ???(b)40 ?
150 ???????????????90 ?????Gr500???????????? 5.8?
????? 16?????????????????40 ? 150 ?????????????




?????????????????????Gr333? G1000? 2 = 270=190  1:42?Gr500
? 2 = 540=190  2:84?????Gr333? Gr1000???????????????????
?????? 1.42??Gr500??????????????????????????????
























































? 13 Gr500 ??????????CW ?????f=3 ?? 10Hz ???????????
FDTD ????????????????????????????Oscillator ?????
f=3 ????????????????????????????????????????
? 800 nm??????????????????????? P ??????????






? 15 FDTD ?????????????(a) ????????(b)Gr333?(c)Gr500?
(d)Gr1000 ???????????? 800 nm ??????????????? 40 ? P
??????????????????????????????????????????
????????????????????????????????????????????




? PIC???????XOOPIC(Object Oriented PIC on X-windows)???? [17]?????
???? 30 fs??? 800 nm???????? 8 m????? 1019 W=cm2 ? P??????
?????? 40  ???????????????????? 19.2  19.2 m???????
=64 = 12.5 nm???????????? 1 m????? 43 nc ? H???????????
?????? 100 particles/cell ????XOOPIC ????????????????????
????????????????? D = E ???????????????????????
???????????????????????????? FDTD????????????
????? 2 = 2? PIC????????????????????????????????





? 16 (a)??????? Au?W??????????? 800 nm?????? P???
Gr500? 40 ????????z ??????? (b)Au??????(c)W??????(d)?
?????????????????????????????Au????????????
???????????????W??? 800 nm???????????????????
?? 800 nm ???????????<[Au]=-22.1?<[W]=4.47 ????Au ??????
???????????????????????????????????????????
????W?????????????????????????????????????




????? 17????? 17(a)? Gr500?(b)??????????????????????
???? 1020 W=cm2 ??????????????? 17 ??????Gr500 ???????






???? 18(b) ???? 130 ??????????????????????????????
Gr500?? 1.40 MeV(77 keV)?????????? 704 keV(21 keV)??????????
(1.14)????Wilks????????????????????????????????1.42





????????????? 19?????????????????? 2 m????????
???????????????????????????? 2 MeV????????????
???????????????????????????????? 150 ? 30 ??????






1. ?????? 800 nm???? 40 ??????????????????????? 500
lines/mm?1000 lines/mm????????????????????????????
?????????????????????????????????
2. ????????????????500 lines/mm? 1000 lines/mm??????????
??? 150 ? 40 ? 2????????????????????????????500
lines/mm ?? 1000 lines/mm ? 2 ????????????????????????




? 17 ?????????????????????????????? (a)Gr500?(b)??
??????????????????????????????????????????
?????Gr500??????????? 2 1019 W=cm2 ???????????????
?? 1020 W=cm2 ??????????????
? 18 XOOPIC ?????????????? (a)90(???????????)?
(b)130(???????) ?????Gr500 ?????????????????????
????????90 ????? 10????????????????? 16???????

























? 19 XOOPIC ??????????????????????????????????
???????????????????????????????????????Gr500







5. ??????????????? PIC ??????????????????????
Gr500 ???????????????????????? 2 = 0:8=0:3 = 2:67 ?
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? 1 ???? 800 nm ???????????????????????????????
??????????????????????? Gr1000?Gr1200?Gr1400 ??????
?? 980 nm?830 nm?720 nm???????????? FF = 0.25????? h????
50 nm??????






???????????????????????????????? 20 m  15 m????
??? 8 nm????? 800 nm ????????????????????????????
???????????????????????????????? d(???? = 1 / d) ?
1000 nm(1000 lines/mm: Gr1000)?840 nm(1200 lines/mm: Gr1200)?714 nm(1400 lines/mm:
Gr1400)???????????? h???? 50 nm???????????????????
?????????? FF(Fill factor)? 0.25????????Gr1000?Gr1200?Gr1400??
?????????????????? 1?????????????????????????
? Gr1000?Gr1200?Gr1400???????? 980 nm?830 nm?720 nm?????????
????????????????????3?????????????Gr1200??????
?? 830 nm??????? 800 nm???????????????????????????
??? 1200 lines/mm????





















? 2 ???? 800 nm ???????????????????????????????
??????????????????????? 800 nm ???????????????
??????? 170 nm ????????????? FF = 0.25????????? Gr1200
??????
50?100?170?250 nm?????????????????????????????????
?????????????? 2??????????????????? 800 nm??????
???? 170 nm????????????????????????????????????





1. ?????????????? 4??? N? Si???? (??????????????)
? 2 cm? (???????????????????)??????
2. ???????????????????????O2 ????????????????
?????????????
3. ???????????? (ZEP520A) ??????????????????????
???????????????(1) ??? 300 rpm(revolution per minute) ? 3 ???
(2)3000 rpm?? 5??????????????(3)3000 rpm? 60????????




??????????????????? (????????: JSM6500F) ?????????
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?????????????????????????????? 100 m  100 m?????
??????????????? [s]??????? 12?????/??????????1 mm
? (10  10?????)????? 8??????????????????????????













2. ????????? (= 300 W)??? (= 5???)????????? (Au?Cr?Pt)?
????? (= 300 mm)?????????????????????????????




? 3 ???????????????????????????? (a)SEM ???(b)AFM
???SEM??????????? 840 nm?FF  0.26??AFM???????????
?? 168.7 nm??????????
????????????Cr? Au????????????????????? 100 mm??






microscope)???AFM(Atomic force microscope)???????????? 3(a)(b)????
??????????????????????????????????????? 800 nm?
???????????????? FF = 0.25????? 1200 lines(?? 840 nm)????? 170
nm????? 3(a)? SEM??????????? 840 nm?FF = 220/840  0.26?????
?????????????????????????????? 3(b)? AFM???????
?????? 168.7 nm???? 170 nm????????
A.4 ??????????????????????
A.4.1 ????????
TIFR(Tata Institute of Fundamental Research)? G. R. Kumar?????????????
???????????????????????????????????????????
????????????????????????????????????? 800 mJ(= 400
mJ on target)????? 30 fs??? 800 nm?P???f=3?????????? 6 m8.5 m




? 4 (a) ??????????????????????????????(b)estar ???




?????? 3 1019 W=cm2????? 30 fs??? 800 nm?P????f=3??????





? 5 ??????????????????????????????????????? 4(a)
?????????????? FDTD??????????????????????????
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????????? 50 nm? Gr1000?Gr1200(Gr1200-50)?Gr1400????????????
????????????????????????? 1???? 300 m  300 m????
??Si??????? 100 m???? Au????????????????????????
??? Au???????? Si???????????????????????The National
Institute of Standards and Technology (NIST) ?????????????????????
???? (estar)????????? Si??????????????? 4(b)????????







????????? (1)????????? 5????IP?????????? 6 cm????
???????? 180 ?????????????????????????????????
??????????? 5?????IP???? 0???? 180 ??????????????
????X ?????????????????IP ??? Al ???????????????
??Al ?????????????????????????????????????? 22
m?11m??????????????????????????? 15 keV?10 keV????
?? (2)????????????? 90 ?????? ESM????????????????
???????????ESM??????????? 0.1 T????????????????
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1????????????????????? 30 ? 150 ????????????????
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fs????????????????????????????????????? 5?????
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Gr1400 ??????????????????? 12(a)(b)(c)(d) ?????????????
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?????????????? 100 particles/cell?????????????????????
?????????Gr1200-170?????????? 5 1019 W=cm2 ????
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apt-get install meep h5utils
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????????????? \?????"???????????????????? (.ctl)?
1 (set! geometry-lattice (make lattice (size 16 8 no-size)))
2 (set! geometry (list
3 (make block (center 0 0) (size innity 1 innity)
4 (material (make dielectric (epsilon 12))))))
5 (set! sources (list
6 (make source
7 (src (make continuous-src (frequency 0.15)))
8 (component Ez)
9 (center -7 0))))
10 (set! pml-layers (list (make pml (thickness 1.0))))
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????????? (B.5 )????????
1. !L;1 = 1e
 20(? (B.5 )? 2??? j = 1??????????????????)
2. !L;j1 = !
0
o;j1
3. 1 = 1








????????? (B.5 )?? (B.4 )???????????MEEP???????????




(dene myAu (make dielectric (epsilon 1)
(polarizations
(make polarizability
(omega 1e-20) (gamma 0.042747) (sigma 4.3014e+41))
(make polarizability)
(omega 0.33472) (gamma 0.19438) (sigma 11.363))
(make polarizability)
(omega 0.66944) (gamma 0.27826) (sigma 1.1836))
(make polarizability)
(omega 2.3947) (gamma 0.7017) (sigma 0.65677))
(make polarizability)
(omega 3.4714) (gamma 2.0115) (sigma 2.6455))
(make polarizability)
(omega 10.743) (gamma 1.7857) (sigma 2.0148))
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(make polarizability)
(omega 2.8875) (gamma 2.6874) (sigma 9.6272))
(make polarizability)
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